DEVICE FOR DETECTING SLOPE OF VEfflCLE OR THE LIKE 

BACKGROUND OF THE INVENTION 

5 This invention relates to a device for detecting slope of the vehicles such as a 

car, train or the like. 

In order to detect whether the moving object such as the car, train or the like 
passed throu^ the sloped road to the two-level crossing espedaUy, the 
acceleration sensor of one axis is used and detected by the conventional car 
10 navigation. 

Therefore, although the acceleration sensor correctly detects the slope with 
the moving objects such as the conventional car and a train during nmning the 
vehicles at a constant speed, the slope cannot be measured correctly since 
acceleration followed in acceleration-deceleration. 

15 

SUMMARY OF HE INVENTION 

Accordingly, it is an object of the invention to provide a device that can detect 
the slope of vehicle or the Kke in acceleration-deceleration as well as during 
20 runnii^ the vehicles at a constant speed. 

Novel features which are believed to be characteristic of the invention, both 
as to its organization and method of operation, together with further objects and 
advantages thereof, are described below with reference to the accompanying 
drawings in which preferred embodiments of the invention are illustrated as an 
25 example. 

It is to be expressly imderstood, however, that the drawings are for the 
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purpose of illvistration and description only, and are not intended as a definition of 
the limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Fig.l is a schematic diagram of the first embodiment of the present 
invention; 

Fig.2 is an example of the first embodiment; 

Fig.3 is a block diagram illustrating the first embodiment; 
10 F^.4 is an example of a formula for a calculation table illvistrating the first 

embodiment; 

Fig.5 is an example of the second embodiment; 

Fig.6 is a block diagram illustrating the second embodiment; 

F^.7 is a an example of the third embodiment; and 
15 Fig.8 is a block diagram iQxistratuig the third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention are described in more 
20 detail below with reference to the accompanjdng drawings. 

An understanding of the present invention may be best gained by reference 
to Figs. 1 - 4. Figs. 1 - 4 illustrate a device for detecting slope of the vehicles in 
accordance with a first embodiment of the present invention. Reference numeral 1 
shows the device for detecting the slope, the device attached in the moving object 
25 including a car, a motorcycle, train or the like. 

The slope detecting device 1 is comprised of a first acceleration sensor 3 as a 
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horizontal detecting means to detect the acceleration of the running direction of 
the moving object 2; a second acceleration sensor 4 as a perpendicular detecting 
means to detect perpendicular acceleration to the running direction of the first 
acceleration sensor 3; means 5 for detecting, attaching relatively to the first 
5 acceleration sensor 3 and second acceleration sensor 4, detecting the 
acceleration-deceleration the moving object 2 by whether the simi of squares 
respectively which the acceleration detected by the first acceleration sensor 3 and 
the acceleration detected by the second acceleration sensor 4 is equal to the second 
power of gravity acceleration, and calcvdating the slope of the moving object in 

10 acceleration-deceleration. 

Althoii^h the first and the second acceleration sensors 3 and 4 are used for 
the same acceleration sensor as usual in this embodiment, it should just be a 
sensor that can detect acceleration and gravity ef&dently. 

Moreover, the attachment position of the first and the second acceleration 

15 sensors 3 and 4 is attached suitably and relatively to the control part installed in 
the moving object 2. In this case, they are attached through wiring, and they may 
be used by a radio system. 

The detecting means 5 is attached relatively and suitably through wiring to 
the control part X installed in the moving object 2 as the first and second 

20 acceleration sensors 3 and 4. Also it may be used by a radio system. 

Moreoyer, the detecting means 5 includes a calculation table 6 which detects 
the acceleration-deceleration the movir^ object 2 by whether the sum of squares 
respectively which the acceleration detected by the first acceleration sensor 3 and 
the acceleration detected by the second acceleration sensor 4 is equal to the second 

25 power of gravity acceleration, and calculating the slope of the movii^ object in 
acceleration-deceleration. 
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The formvda that constitutes this calculation table is explained in Fig. 4. 
In Fig.4, Ah shows the horizontal acceleration of the moving object 2 
(acceleration detected by the first acceleration sensor 3); A v shows the 
perpendicular acceleration of the movii^ object 2 (acceleration detected by the 
5 second acceleration sensor 4); and A^ shows the synthetic acceleration of Ah 
and Av 

Since only gravity acceleration add to the acceleration sensor when the 
movii^ object 2 is carryii^ out uniform operation, the related formiila is formed as 
below' 

10 Ag^=Ah'+Av' 

Here, A^ shows the gravity acceleration. 

Then, the slope Q of the moving object 2 is" 
0=TAN-KAh/Av) 
Next, during the moving object 2 nms in acceleration-deceleration, the formula is 
15 formed as below^ 

Ag'=?^Ah^ + Av^ 

However, the perpendicxilar acceleration Av of the movii^ object 2 is not 
influenced of the acceleration accompanying acceleration-deceleration of the 
movir^ object. 

20 Therefore, the slope of the moving object 2 is calciilated as below- 

0 =COS~KAh/Ag) 
Also the acceleration A^ accompanying acceleration-deceleration of the moving 
object at this time is calculated by • 

Ac=Ah (Aq^ Ay^) 

25 By using the slope calculation table 6, the slope can be calculated by the 

acceleration detected by the first acceleration sensor 3 and the acceleration 
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detected the second acceleration sensor 4 of the second detected and also the 
imder imiform operation, and the acceleration in acceleration-deceleration. 

In addition, in this embodiment, the detecting means 5 is explained that it is 
installed separately in the control part X as the car-mounted computer which 
5 controls the fuel injection, timing, etc mounted on the movii^ object 2. In addition, 
the detecting means 5 may be installed in the control part X integrally. 

Therefore, it can be installed into the GPS, car-mounted computer and the 
like as usual. 

The slope detection equipment 1 of the above-mentioned composition detects 
10 the slope of the moving object 2 by the first acceleration sensor 3 that detects the 
horizontal acceleration in uniform operation. 

When the moving object 2 passes through the road with the degree of slant, 
two-level crossing, etc., the speed of the moving object is accelerated or decelerated. 
In this case, the first acceleration sensor 3 detects the acceleration of the run 
15 direction, and the second acceleration sensor 4 detects the perpendicular 
acceleration to the run direction. 

The slope of the moving object 2 can be correctly detected through the slope 
calculation table 6 of the detecting means 5 based on the detected acceleration so 
that the slope of the movii^ object 2 is correctly measured corresponding to the 
20 acceleration-deceleration during it passes through the two-level crossing etc. for 
example. 

Other embodiments of the present invention will now be described with 
reference to Pigs. 5 - 8. In Pigs. 5 - 8, the same components as in the first 
embodiment described above with reference to Figs. 5 ■ 8 are designated by the 
25 same reference numerals and therefore will not be further e^lained in great 
detail. 
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A second embodiment of the present invention is shown in Figs. 5 and 6. It is 
distii^uished from the first embodiment in that means 7 for detecting is used, and 
the detecting means 7 includes the first acceleration sensor 3 as a horizontal 
detecting means to detect the acceleration of the running direction of the movii^ 
5 object 21 the second acceleration sensor 4 as a perpendicular detecting means to 
detect perpendicular acceleration to the running direction of the first acceleration 
sensor 3, provided at the first acceleration sensor 3 integrally. A device for 
detecting slope of the vehicles LA. according to the second embodiment has similar 
advantages to that according to the first embodiment and the installation space 
10 can be reduce. 

In addition, one acceleration sensor that can detect a horizontal acceleration 
and perpendicular acceleration may be used. 

A third embodiment of the present invention is shown in Figs. 7 and 8. It is 
distinguished fix)m the second embodiment in that a detecting means 7A indudii^ 
15 the second acceleration sensor 4 to detect perpendicular acceleration is installed 
into the GPS, car-moimted computer and the like as usual, capable of detectii^ 
the horizontal acceleration. A device for detectii^ slope of the vehicles IB 
according to the third embodiment has similar advantages to that according to the 
second embodiment. 

20 Furthermore, although each embodiment differs mainly explained slope on 

the first embodiment, even if it vises the present invention combining the 
composition used for the form of not only this but each embodiment, the same 
action effect is acquired. 

As set forth above, the advantages of the invention are as follows- 

25 (l) The slope detectit^ device includes means for detecting a horizontal 

acceleration, moimting on a vehicle, detecting the acceleration of the running 
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direction of the vehicle; means for detecting perpendicular acceleration to the 
running direction of the horizontal detecting means; and means for detecting, 
attaching relatively to the horizontal detecting means and perpendicxilar detecting 
means, detecting the acceleration:deceleration the vehicle by whether the sxim of 
5 squares respectively which the acceleration detected by the horizontal detecting 
means and the acceleration detected by the perpendicular detecting means is 
equal to the second power of gravity acceleration, and calculating the slope of the 
vehicle in acceleration-deceleration so that the slope of the vehicle can be correctly 
detected through the slope calculation table of the detecting means based on the 

10 detected acceleration so that the slope of the vehicle is correctly measured 
corresponding to the acceleration-deceleration during it passes through the 
two-level crossing etc. for example. 

(2) As discussed above, since it has a simple structure, it can be carried out 
easily, and it can install at a high value. 

15 (3) As discussed above, the slope calculation that is suitable for each situation 

can be performed efficiently during the uniform operation or 
acceleration-deceleration operation. 

(4) As discussed above, also claims 2 is acquired with the same action and 
effect as the above (l) to (3). 

20 
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